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Abstract
Large magnetization values were obtained by fabricating a Fe50Pt50xNbx thin ﬁlm containing an ordered g1 phase
and a disordered g structure. The improvement in remanence can be attributed to the exchange coupling between hard
magnetic g1 phase and soft magnetic g phase as investigated from DM plots. Both Hc and Br were increased by an
optimum addition of 0.8 at% Nb. The best magnetic hysteresis data were achieved from a Fe50Pt49.2Nb0.8 ﬁlm as
follows: Br=12.2 kG, Hc=4.3 kOe, ðBHÞmax=30.6MGOe. X-ray diﬀraction data indicated that Nb plays a role as a
grain reﬁner and can enhance the formation of disordered g phase. r 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
High energy product Fe50Pt50 bulk alloys have been
reported by Watanabe et al. [1]. By annealing the FePt
alloy at 5001C, disordered FCC-g phase was trans-
formed into an ordered g1 (LI0-type) phase. Pure
ordered phase was found to exhibit a high energy
product of 20MGOe with a moderate coercivity of
4.3 kOe. Thin FePt ﬁlms were later fabricated using an
RF sputtering [2] and a DC sputtering techniques [3].
Coercivity mechanisms for thin ﬁlms were further
investigated by Watanabe [4,5] and Kuo [6]. The high
Hc values were closely related to order–disorder phase
transformation and the unique domain structure.
Recently, Fe/Pt multilayers and FePt/FePtB bilayers
were reported to have a very high energy product of
40MGOe [7]. They may have potential applications as
recording media. However, the eﬀect of alloy addition
on the binary FePt ﬁlms has not yet attracted as much
attention as multilayers. In this study, we found that
small replacement of Fe by Nb can signiﬁcantly improve
the remanence and energy product of the Fe50Pt50 thin
ﬁlms. The results can be explained from phase transfor-
mation and microstructures.
2. Experimental
Sputtering targets were prepared by pasting Pt foils
and Nb foils on iron disks. The FePt and FePtNb ﬁlms
were deposited on a Si (1 0 0) wafer by RF sputtering
and at a substrate temperature ranging from 4501C to
7001C. The samples were further annealed in the
vacuum chamber at the same substrate temperature for
10min to complete the disorder–order transformation.
The ﬁlm thickness is 200 nm for all the samples. The
base pressure of 5 107 Torr and argon working
pressure of 1 102 Torr were used in this study. Crystal
structure was identiﬁed from X-ray diﬀraction data. The
volume percentage of the ordered phase was estimated
from the intensity ratio of g1 (1 1 0) and g (1 1 1).
Chemical compositions of the ﬁlms were measured with
an EPMA. Magnetic data were measured with a VSM at
room temperature and in a maximum ﬁeld of 20 kOe.
DM data were used to give a direct survey of exchange
interaction between neighboring grains, using
Wohlfarth’s relationship [8].
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3. Results and discussion
Fig. 1 shows the X-ray diﬀraction patterns of
Fe50Pt50xNbx ﬁlms (x=0.00, 0.83, 1.31 and 2.05) heat
treated at 5001C for 10min. The addition of Nb appears
to retard the transformation from disordered g phase to
ordered g1 phase. The intensity of g1 (1 1 0) line
decreases as the concentration of Nb is increased from
x=0.00 to x=2.05.
Average grain sizes of the ordered phases were
estimated from the line width of the g1 (1 1 0) diﬀraction
lines. The grain sizes were found to decrease from 37 nm
for Fe50Pt50 ﬁlm to 23 nm for Fe50Pt48Nb2 ﬁlm, as
indicated in Fig. 2. It is manifest that Nb plays a role as
grain reﬁner.
The concentration dependence of magnetic properties
is displayed in Table 1. The Hc value decreases
monotonically from 6.50 to 2.66 kOe as the concentra-
tion of Nb is increased from 0.00 to 2.05 at%. This is
due to the increased volume of disordered g phase.
However, magnetization is enhanced due to the ex-
istence of the high-Ms disordered phase. The two factors
were counterbalanced, thus resulted in a maximum
ðBHÞmax value of 23MGOe at Nb=0.83 at%.
Fig. 3 illustrates the eﬀect of annealing temperature
ðTaÞ on the coercivity of Fe50Pt50xNbx ﬁlms. For the
samples with high Nb concentrations, the peak Hc
values occur at high annealing temperatures. The
explanation can be that the additions of Nb make the
ordering transformation more diﬃcult. Thus, high
annealing temperatures are necessary for the thermal
activation process.
The M2H hysteresis loops of Fe50Pt50xNbx ﬁlms
are indicated in Fig. 4. Both the x=0.00 and 2.05
samples show constricted demagnetization curves. The
shoulders in the demagnetization curve can be attributed
to the existence of large grains of disordered g phase.
For the x=0.83 sample, a smooth demagnetization
curve with excellent squareness was achieved. The
Fig. 1. X-ray diﬀraction patterns of the magnetic ﬁlms
Fe50Pt50xNbx (x=0.00, 0.83, 1.31 and 2.05), heat treated at
5001C for 10min.
Fig. 2. Eﬀect of Nb concentrations on the average grain sizes of
the ordered g1 phases.
Fig. 3. Coercivity vs. annealing temperature for the
Fe50Pt50xNbx ﬁlms.
Table 1
Magnetic properties of Fe50Pt50xNbx thin ﬁlms
x Br (kG) Hc (kOe) ðBHÞmax (MGOe) Grain size (nm)
0.00 10.8 6.50 15.3 37
0.83 12.5 4.25 22.1 34
1.31 13.1 2.80 15.0 31
2.05 15.6 2.66 18.6 23
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squareness ratio was measured to be 0.88. The coercivity
value can be easily adjusted to the range of 2.5–3.5 kOe
to meet the requirements of recording media applica-
tions, by optimizing process parameters and composi-
tion of Nb.
The exchange coupling of granular ﬁlms was evalu-
ated using DM plots. The deviation of magnetization
from Wohlfarth’s linear relationship, DM, can be
expressed as a function of applied ﬁeld:
DMðHÞ ¼ IdðHÞ  ½1 2IrðHÞ;
where Id is the normalized DC demagnetization and Ir
the normalized isothermal magnetization. The DM plots
of the Fe50Pt50xNbx ﬁlms are illustrated in Fig. 5. For
the x=0.83 sample with the best ðBHÞmax value, the plot
shows a maximum DM value at a ﬁeld near theHc value.
The large deviation of magnetization from Wohlfarth’s
non-interaction based model indicates a strong exchange
interaction between neighboring grains [8].
AFM and MFM micrographs of the Fe50Pt50 ﬁlm are
shown in Fig. 6(a) and (b), while those of the
Fe50Pt49.2Nb0.8 ﬁlm are shown in Fig. 6(c) and (d). The
scanned area for each picture is 2 mm 2 mm. Compar-
ing the surface of the two samples, the Nb-containing
sample appears to have a more reﬁned granular
morphology. However, the domain structure (domain
size and wall width) is not signiﬁcantly diﬀerent.
In conclusion, the addition of Nb suppresses the order-
ing reaction from g to g1 phases. Nb also plays a role
of grain reﬁner. Saturation magnetization is increased
as Nd is increased. However, coercivity is decreased
with the concentration of Nb. Maximum energy
product was obtained for the Fe50Pt49.2Nb0.8 sample.
DM plots indicate that strong exchange interaction
occurs between ordered g1 and disordered g phases.
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